We present a theoretical ab-initio approach that allows us to explicitly calculate the superconducting transition temperatures (T c ) of the iron-based superconductors of LaFeAsO 1-x F x , SmFeAsO 1-x F x , NdFeAsO 1-x F x , Ba 1-x K x Fe 2 As 2 , FeSe and LiFeAs that fit perfectly with the experiments. We consider recent evidence that electron-phonon coupling may have been underestimated previously, and a prediction that antiferromagnetism can greatly enhance electron-phonon coupling through localized iron d orbitals. We then include the contribution of these localized orbitals in a McMillan formalism. In addition, we take into account the spin-lattice interaction between the spin-polarized electrons at the Fermi surface and the iron orbitals in combination with a modified exchange Hamiltonian involving a ferrimagnetic coupling between Fe and As. With this approach we can accurately calculate the T c of FeSe (11 family), LiFeAs (111 family), LaFeAsO 0.9 F 0.1 (1111 family) and BaFe 2 As 2 (122 family) as a function of pressure. In addition, we also obtain the correct doping dependence of T c of LaFeAsO 0.9 F 0.1 (1111 family) and BaFe 2 As 2 (122 family).
I. INTRODUCTION
The pairing mechanism of the unconventional high-temperature superconductors (HTSC) remains one of the greatest unsolved mysteries of physics. All unconventional superconductors, including cuprates [1, 2] and iron-based HTSC [3, 4] , but also the heavy fermions [5] and organic superconductors [6] , have in common that the superconducting phase occurs in the vicinity of a magnetic phase. Furthermore, their phase diagrams typically show at least one other form of electronic order, e.g. charge or orbital order, a pseudogap phase, stripe order or nematic order. It is generally assumed that the Cooper pairing in these superconductors cannot be described within a standard phonon-mediated scenario, and the proximity of the magnetic phases naturally suggests the involvement of magnetism [7] . In the majority of theoretical approaches, spin fluctuations play a leading role [8, 9] . Alternative approaches consider e.g. excitonic superconductivity [10, 11] , long-wavelength plasmonic charge fluctuations or orbital fluctuations [12] [13] [14] .
A recent work by Cohn, Louie and Cohen offered an alternative scenario for iron-based superconductors and was stimulated by several experimental studies suggesting that the role of electron-phonon coupling had previously been underestimated [15] . They demonstrated that antiferromagnetism can significantly enhance the electron-phonon coupling. Since no T c values were presented, we opted for a First-Principle-Density-Functional-Theory (DFT) approach to test whether such an alternative model could actually deliver the high T c values.
In this article, we derive two pairing strength formulas for the T c calculation of iron-based superconductors. Our theoretical T c of LaFeAsO 0.9 F 0.1 and BaFe 2 As 2 as a function of the external pressure as well as the weakly doped behavior agree well with the experiments. Upon the replacement of La by Sm in SmFeAsO 0.9 F 0.1, Cooper pairs are formed at 50.9 K, with the tetrahedral angle and pairing strength λ being 108.8 degrees and 1.33, respectively. The optimal theoretical T c (53K) of the NdFeAsO 0.85 F 0.15 is observed when the Fe-As-Fe angle is set to ~110 degree. In addition, the theoretical T c values of FeSe and LiFeAs as a function of pressure agree with the experiments. We therefore propose a combination of a magnetic and phonon-mediated approach as a plausible way to explain the high T c values of Fe-based superconductors.
However, the need to include spin-lattice interactions, which we add in a semi-empirical approach based on the two-fluid model commonly applied to heavy-fermion compounds [16] , demonstrates the importance of strong electronic correlation effects.
II. THEORY
In Ref. 15 it was shown that antiferromagnetism can dramatically enhance the electronphonon coupling through the localized orbitals at one of the two iron atoms in the FeAs unit cell with d-like xz or yz character. The electron phonon matrix elements g kk' are then increased by a factor of F C = 2 x 2 = 4, the first factor of two being due to a two-fold increase of the specific  are substituted into the McMillian T c formula [20] .
The electronic band diagram and DOS are computed in the program package WIEN2k_18.2 [21] using the spin-restricted GGA-PBE functional [22, 23] whereby the plane wave basis sets the cutoff point at 280 eV. The phonon data are calculated in finite displacement mode. The SDOS and the exchange correlation energy are compiled by the spin-unrestricted GGA-PBE functional [24] .
In this paper, only Fe and As atoms are imported into the crystal structures, where the total charge per unit cell is adjustable to simulate the effect of dopants. The experimental lattice parameters are used to adjust the geometries of the pure FeAs layers (unless otherwise specified). 1d ). Note that our approach is a mean field approach and that the vanishing of the macroscopic antiferromagnetic order observed in real samples is attributed to the strong fluctuation effects in these layered compounds. The magnetism considered here in the non-magnetic regimes of the phase diagrams is of a fluctuating microscopic nature. The optimized pairing strength of LiFeAs and FeSe is achieved at a pressure of 4.5GPa and 2GPa, respectively. The raw data of LiFeAs and FeSe are listed in Table 1 and Table 2 in the Supplementary Materials. The theoretical modelling of 1111-type superconductors like LaFeAsO 0.9 F 0.1 includes external pressure and dopants simultaneously. Since the T c calculation of LaFeAsO 0.9 F 0.1 is more complicated than in LiFeAs and FeSe, we will discuss it in more detail. Fig. 2 shows the electronic band structure, the electronic density of states, the differential spin density of states, the Debye temperature, the antiferromagnetically enhanced electron-phonon spectrum and the phonon density of states of the uncompressed LaFeAsO 0.9 F 0.1 . The metallic background is shown in Fig. 2a . 2b ). The Debye temperature of the pure FeAs layers at the ambient temperature limit is ~430 K ( Fig. 2c ) and therefore the relevant energy range of valence electrons to be considered to contribute to Coh PS  is limited to ~37 meV below the Fermi level. In the absence of the Coh factor [15] , our calculated with the experiments [29, 30] . The complete set of lattice parameters can be found in Table 3 in the Supplementary Materials, where the R co is the exchange correlation energy [31] with respect to the reference material LaFeAsO and θ tetra is the Fe-As-Fe bond angle. The theoretical T c of the uncompressed LaFeAsO 0.9 F 0.1 is 25.9 K and the T c at 6.36 GPa reaches 42.5 K. A decrease in T c is observed above ~7 GPa, with T c being significantly reduced to 12K at ~26 GPa [30] . Fig. 3b shows the three main ingredients of the pairing strength, i.e. The magnetic moment of Fe, DOS(E F ) and the Coulomb pseudopotential of LaFeAsO 0.9 F 0.1 are weakened by pressure. In contrast, the exchange correlation energy increases with pressure, but the Debye temperature saturates above ~15 GPa. The optimization of the SDOS(E F ), which results from the unbalanced magnetic moment between the Fe and As atoms, occurs at ~6 GPa.
III. RESULTS

Our hypothesis of including the Coh and
The data of the corresponding reference materials can be found in Table 4 in the Supplementary
Materials. The weakening effect on T c is successfully modelled by the reduced spin-lattice interaction in weakly doped samples, as shown in Fig. 4a . The optimized T c of the uncompressed  value peaks at x=0.1. The raw data are listed in Table   5 . (Table 6 ) are significantly affected by the adjustment of the tetrahedral angle, as shown in Fig. 4b . We use the same algorithm to calculate SmFeAsO 0.9 F 0.1 and obtain a theoretical T c of 50.9 K, which is in perfect agreement with the experimental results [33] . Fig. 6a shows the theoretical and experimental T c of BaFe 2 As 2 under external pressure, confirming our approach again. The pairing strength increases slightly with pressure, but the exchange Hamiltonian and the spin-lattice factor are drastically reduced at high pressure, as shown in Fig. 6b . The calculated Debye temperatures of the uncompressed BaFe 2 As 2 in the limit of low and high temperatures are 350K and 470K, respectively [35] . Despite our computed F E  of BaFe 2 As 2 at 0.8GPa is ~0.2, the Coh and g R factor * Coh PS  increases to ~0.95 and causes the theoretical T c to reach 32K. The raw data of the BaFe 2 As 2 and Ba 0.8 K 0.2 Fe 2 As 2 can be found in Table 7 and Table 8 in the Supplementary Materials respectively. If K is doped in BaFe 2 As 2 to form Ba 0.8 K 0.2 Fe 2 As 2 , the theoretical T c at 30.7K is also comparable with the experimental T c of 30K [36] . 
IV. DISCUSSION
The T c in our approach is obtained by the McMillian formula [20] with the modified pairing potential. However, the McMillian formula assumes that the electronic density of states is a constant within the finite integral [19, 20] . The differences between DOS(E F -E Debye ) and
DOS(E F ) in all these samples are less than 4% and therefore our approach has fulfilled this assumption. The unusually high T c in the LiFeAs and FeSe at 0GPa is mainly attributed to the Coh and g R factor. Our approach confirms that the reduction of T c in compressed LiFeAs is mainly due to the decrease in antiferromagnetic energy as a function of pressure. Conversely, the increase of T c in the compressed FeSe is due to the increase in antiferromagnetic energy under pressure.
The successful T c calculation of LaFeAsO 0.9 F 0.1 requires the consideration of spin-lattice interaction, the exchange Hamiltonian, the Coh factor and the g density of states at E F in an ideal antiferromagnetic material should vanish [38] . However, the non-zero SDOS(E F ) in Fig. 2b confirms the existence of ferrimagnetism, which originates from Fe (1.97µ B per atom) and As (-0.37 µ B per atom). In other words, the antiferromagnetism [39] between the Fe atoms mixes with the ferrimagnetism between the Fe and As atoms to influence the pairing strength. The
Coh PS
 value estimated from Fig. 2d is about 27 times greater than the F E  . The Coh factor provides a four-fold increase of g kk at the Fermi level [15] . The  is proportional to the square of g kk [20] , and therefore the pairing strength of LaFeAsO 0.9 F 0.1 is already 16 times stronger due to the Coh factor. The valence electrons coupled to phonons contribute another factor of ~1.3 coupling. The Debye temperature at low temperature limit of the pure FeAs layers in Fig. 2c is 360K, which is slightly higher than the experimental value of 320 K [30] , while in our system the La, O and F atoms are not considered. The BCS theory limits the integral of the energy from E F to 'E F + E Debye ' [19] , while in our approach we limit the energy range of the valence electrons contributing to the superconducting mechanism from 'E F -E Debye ' to E F . While this choice of energy range is motivated by experimental evidence from APRES data [17] , it also reflects the maximum energy range over which electron-phonon interactions can scatter electrons from localized iron d orbitals up to the Fermi energy, where they can contribute to superconductivity.
This could stimulate a dynamic process in which localized electrons continuously rise and condense into the superconducting condensate, while the voids are replaced by quasiparticles falling out of the condensate. This, together with the spin-lattice interaction, would lead to a highly correlated electron system, and it would be worth investigating how this could be related to the other forms of electronic order, such as the nematic phase. It is widely believed that the FeAs layers are responsible for the superconductivity [40] , and therefore we have decided to import only the pure FeAs layers to obtain the true pairing strength.
The scattering probability of the spin-lattice interaction between spin-polarized electrons and Fe atoms is likely proportional to the differential spin density of states at the Fermi level [31] , and the SDOS term presumably exists in f(E D ). Likewise, the definition of exchange energy is the difference between singlet and triplet energy [31] . The atomic orbitals communicate via the exchange potential through the interaction of the electrons with the ions of the materials and with each other [31] . Therefore, the unbalanced distribution of the electron spins is essential in f(E ex ). K to 42 K at low pressure is mainly due to the reinforced spin-lattice interaction (Fig. 3) . In contrast, the reduction of T c above ~6 GPa is due to the weakening effect of the spin-lattice interaction and the exchange Hamiltonian. Although the exchange correlation energy is enhanced by compression (see Table 3 in the Supplementary Materials), the magnetic moment of Fe decreases very rapidly, which compromises the massive T c reduction at high pressure. The Coh factor is kept at 4 regardless of pressure, since we assume that the out-of-plane vibration of the lattice remains unchanged due to c >> a [15] . The antiferromagnetic electron-phonon coupling is slightly increased under compression, since the stronger lattice potential per unit cell is increased by the denser atomic distribution. Apart from that, more localized electrons contribute to the electron-phonon coupling due to higher Debye temperatures.
The T c variation due to dopants in Fig. 4 is probably not associated with f(E ex ) and f(E D ). The electric field orthogonal to the FeAs plane does not significantly change the scattering area between electron and phonon based on the Born-approximation [31] . In view of this, we import the experimental lattice parameters of the doped FeAs layers [41] to model how the internal pressure acts on T c . Since the Coh factor of 4 works well even when the sample is exposed to 26
GPa, the weak internal pressure due to the small amount of dopants should not change its value. [15] . Otherwise, the role of magnetism would be overestimated.
V. SUMMARY
We summarize the important ingredients of high-temperature superconductivity in Fe-based superconductors according to our model: A strong electron-phonon coupling in a certain energy range below the Fermi energy (which roughly corresponds to the Debye energy), and a high Debye temperature are required. The reasons for this are that the T c is directly proportional to the Debye temperature on the one hand, and on the other hand, the higher the Debye temperature, the more valence electrons can couple to phonons. Apart from this, the increase in the differential spin density of states at the Fermi level resulting from the ferrimagnetism between Fe and As is essential to improve spin-lattice interaction and the exchange Hamiltonian. In addition, the Fe-As-Fe angle should be about 110 degrees.
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